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(54) Transducer interface arrangement inluding a sigma-delta modulator with offset correction 
and with gain setting 



(57) A transducer interface arrangement including 
sensor means (SM) for measuring a parameter such as 
temperature, pressure, an Analog-to-Digital Con- 
verter (ADCb) including a Sigma-Delta Modulator (SD- 
Mb), and a selectable resistor string (SRSa). The data 
input of the Sigma-Delta Modulator is connected to the 
series combination of a first switched-capacitor module 
(SC1 , SC1b), a first differential amplifier (A1) r a second 
switched-capacitor module (SC2) and a second differ- 
ential amplifier (A2), followed by a comparator (CP). The 
modulator further comprises a third (SC3) and a fourth 
(SC4) switched-capacitor module to which a reference 
voltage is applied and which are respectively connected 
to the input of the first and the second amplifier. To re- 



duce the chip area and power consumption while in- 
creasing the performance of the arrangement, an offset 
canceling pre-amplifierto the A/D converter is advanta- 
geously replaced by a fifth switched-capacitor module 
(SC5), to which an offset voltage is applied. The offset 
voltage is provided, together with the reference voltage, 
by the selectable resistor string (SRSa). In addition to 
the improved offset correction, the present transducer 
interface arrangement is also provided with simple gain 
setting means. To this end, gain setting modules con- 
sisting of one or more switchable capacitive branches 
coupled in parallel with existing capacitors in the first 
switched-capacitor module (SC1b).The more branches 
which are added, the higher the gain. 
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Description 

[0001] The present invention relates to a transducer 
interface arrangement including sensor means for 
measuring a parameter, an analog-to-digital converter 
and a selectable resistor string, said sensor means hav- 
ing transducer input terminals to which an excitation 
voltage is applied and sensor output terminals coupled 
to data input terminals of said converter, said selectable 
resistor string having an input connected to said trans- 
ducer input terminals and being adapted to produce an 
offset voltage derived from said excitation voltage by 
means of controlled switches included in said selectable 
resistor string, said offset voltage being applied to said 
converter, said analog-to-digital converter comprising a 
sigma-delta modulator including, connected to said data 
input terminals, the cascade connection of a first 
switched-capacitor module, a first differential amplifier, 
a second switched-capacitor module and a second dif- 
ferential amplifier, and further including a third switched- 
capacitor module with an input at which a reference volt- 
age is applied and with an output connected to an input 
of said first differential amplifier as well as a fourth 
switched-capacitor module with an input at which said 
reference voltage is applied and with an output connect- 
ed to an input of said second differential amplifier. 
[0002] Such a transducer interface arrangement is 
generally known in the art and most of the sensor 
means, hereafter merely called sensors, are supplied 
by an excitation voltage and give a differential output 
voltage. The differential output voltage is proportional to 
the excitation voltage and is a function of the parameter 
to be measured, e.g. pressure, temperature, .... by the 
sensor. For most of the sensors the differential output 
voltage is composed out of an offset voltage and a real 
differential signal of interest, and this offset voltage can 
be much higher than the real differential signal. The off- 
set voltage is depending on the manufacturing of the 
sensor, for a certain type of sensor this value can have 
a big tolerance, but for one sensor the value is fairly sta- 
ble: it only has a small variation over temperature. 
[0003] The measurement is performed by amplifying 
the signal at the sensor output terminals in a very low 
noise amplifier, e.g. a chopper stage, preceding the an- 
alog-to-digital converter, or A/D converter. The problem 
with this arrangement is that the input range of the trans- 
ducer has to coverthe complete range of possible offset 
and real signals. The offset voltage may, as an example, 
range from -17.5 mV to +17.5 mV, while the real signal 
is only a fraction of this and may for instance range from 
0 mV to 10 mV. in this way, if a signal with an accuracy 
of 12 bits has to be measured, the 12 bits are needed 
on the real input signal, i.e. between 0 mV and 10 mV. 
But since the whole range of offset and real signals has 
to be covered, the A/D converter needs to have an input 
range from -1 7.5 mV (= -1 7.5 mV + 0 mV) to +27.5 mV 
(= +17.5 mV + 10 mV), and thus an accuracy of more 
than 14 bits. 



[0004] A possible way of optimizing this arrangement 
would be to use a first low noise amplifier stage to am- 
plify the small input signal, followed by a second ampli- 
fier stage for shifting the signal so that the real signal of 

5 interest fits the input range of the A/D converter at the 
data input terminals thereof. The second amplifier stage 
is controlled by the selectable resistor string so that it 
adds the inverse of the offset voltage to the signal at the 
sensor output terminals. The original offset voltage is 

10 thereby almost removed from the signal applied to the 
data input terminals of the converter and the accuracy 
of the A/D converter can be reduced to 12 bits again (or 
a little higher to have some margin). Such an arrange- 
ment needs only once a calibration cycle in order to de- 

15 term in e the inverse of the offset voltage. 

[0005] A disadvantage of this solution is that the sec- 
ond active stage adds a temperature dependent offset, 
adds extra tolerances on the gain, and leads to addition- 
al chip area and power consumption. 

20 [0006] An object of the present invention is to provide 
a transducer interface arrangement of the above known 
type but without adding unnecessary tolerances to the 
performances of the arrangement, while saving area 
and power consumption. 

25 [0007] According to the invention, this object is 
achieved due to the fact that said selectable resistor 
string is further adapted to produce said reference volt- 
age applied to the inputs of said third and fourth 
switched-capacitor modules, and that said sigma-delta 

30 modulator further includes a fifth switched-capacitor 
module to an input of which said offset voltage is applied 
and with an output connected to the input terminals of 
said first differential amplifier. 

[0008] In this way, the above mentioned second am- 
35 plifierstage used for shifting the signal is advantageous- 
ly replaced by the fifth switched capacitor module of 
which the power consumption is relatively lower, while 
requiring less area on the chip and avoiding to introduce 
extra noise and offset. 
40 [0009] In more detail, said first, second, third, fourth 
and fifth switched-capacitor modules have differential 
input terminals and differential output terminals and 
comprise capacitors and switches controlled by a clock 
signal so as to couple said differential input terminals 
45 either to said differential output terminals via said ca- 
pacitors or to a ground reference terminal at a ground 
reference voltage. 

[001 0] These switched capacitor modules are mainly 
used to filter possible differences between an analog 

50 ground voltage to which the sensor refers and the 
ground reference voltage to which the above sigma-del- 
ta modulator refers. The switches are controlled by the 
clock signal to avoid clock overlapping between different 
phases of the clock signal as will be explained later. 

55 [0011] Another characteristic feature of the present 
invention is that said fifth switched-capacitor module is 
identical to said first switched-capacitor module. 
[0012] By duplicating the first switched-capacitor 
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module, that is an input circuitry of the converter, into 
the fifth switched-capacitor module, an extra input to the 
converter is provided. A compensation signal for the off- 
set voltage to be eliminated may then be applied to this 
extra input and so further to the other circuitry of the A/ 
D converter via the fifth switched-capacitor module. 
[0013] Again in more detail, said fifth switched-capac- 
itor module comprises a first set and a second set of 
switches, the switches of said first and said second set 
being respectively closed during a first phase and a sec- 
ond phase of said clock signal, the switches of said first 
set interconnect a first of the differential input terminals 
to said ground reference terminal via a first capacitor, 
and interconnect a second of said differential input ter- 
minals to said ground reference terminal via a second 
capacitor, and the switches of said second set intercon- 
nect said second input terminal to a first of the differen- 
tial output terminals via said first capacitor, and intercon- 
nect said first input terminal to a second of said differ- 
ential output terminals via said second capacitor. 
[0014] When the switches of the fifth switched-capac- 
itor module are clocked the same way as the switches 
of the first switched-capacitor module, then a conver- 
sion of the sum of the signals at the data input terminals 
and at the input of the fifth switched-capacitor module 
is performed by the transducer. 
[0015] in a variant of this embodiment, said fifth 
switched-capacitor module comprises a first set and a 
second set of switches, the switches of said first and 
said second set being respectively closed during a first 
phase and a second phase of said clock signal, the 
switches of said first set interconnect a first of the differ- 
ential input terminals to said ground reference terminal 
via a second capacitor, and interconnect a second of 
said differential input terminals to said ground reference 
terminal via a first capacitor, and the switches of said 
second set interconnect said first input terminal to a first 
of the differential output terminals via said first capacitor, 
and interconnect said second input terminal to a second 
of said differential output terminals via said second ca- 
pacitor. 

[0016] By changing the clocking of the switches of the 
fifth switched-capacitor module with respect to those of 
the first switched-capacitor module, the input signal of 
the fifth switched-capacitor module is subtracted from 
the signal at the data input terminals. Then a conversion 
of the difference of these signals is performed by the 
transducer rather than the sum thereof. 
[0017] Referring again to the first embodiment, also 
another characteristic feature of the present invention is 
that said first set of switches comprises 

a first switch connected between said first input ter- 
minal and a first end of said first capacitor, 
a second switch connected between a second end 
of said first capacitor and said ground reference ter- 
minal, 

a third switch connected between said second input 



terminal and a first end of said second capacitor, 
and 

a fourth switch connected between a second end of 
said second capacitor and said ground reference 
5 terminal, 

and that said second set of switches comprises 

a first switch connected between said second input 
10 terminal and a first end of said first capacitor, 

a second switch connected between a second end 
of said first capacitor and said first output terminal, 
a third switch connected between said first input ter- 
minal and a first end of said second capacitor, and 
15 - a fourth switch connected between a second end of 
said second capacitor and said second output ter- 
minal. 

[0018] This relatively simple fifth switched capacitor 
20 module requires less chip area and power consumption 
than the above mentioned second amplifier stage used 
for shifting the signal that it advantageously replaces. 
[0019] Still another characteristic feature of the 
present invention is that said selectable resistor string 
25 comprises a plurality of resistors connected in series 
across the transducer input terminals, that said control- 
led switches of said selectable resistor string are con- 
nected to Junction points of the series connected resis- 
tors, that said reference voltage is provided at afirst ref- 
30 erence terminal of said selectable resistor string, con- 
nected to a junction point of two series connected resis- 
tors, and at a second reference terminal of said selecta- 
ble resistor string, connected to an end of the series con- 
nected resistors, and that said offset voltage is provided 
35 at a first offset terminal of said selectable resistor string, 
connected to a junction point of two series connected 
resistors via one of said controlled switches, and at a 
second offset terminal connected to said end of the se- 
ries connected resistors. 
40 [0020] In this way, the same series connected resis- 
tors are used to provide both the reference voltage and 
the offset voltage. The chip area and the power con- 
sumption are thus not affected by this improvement. 
[0021] Additionally to the offset correction, gain set- 
45 ting is also done in a conventional circuit by adding an 
additional amplifier stage in front of the A/D converter, 
with all the consecutive drawbacks as explained above. 
[0022] Therefore, another object of the present inven- 
tion is to provide a transducer that, additionally to the 
so above-mentioned offset correction, also includes an 
easy gain setting without dramatically increasing the re- 
quired chip area and power consumption. 
[0023] According to the invention, this other object is 
achieved due to the fact that said first switched-capac- 
55 itor module has differential input terminals connected to 
said data input terminals and comprises a first set and 
a second set of switches, the switches of said first and 
said second set being respectively closed during a first 
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phase and a second phase of said clock signal, that the 
switches of said first set interconnect a first of the differ- 
ential input terminals to said ground reference terminal 
via a first capacitor, and interconnect a second of said 
differential input terminals to said ground reference ter- 5 
minal via a second capacitor, that the switches of said 
second set interconnect said second input terminal to a 
first of the differential output terminals via said first ca- 
pacitor, and interconnect said first input terminal to a 
second of said differential output terminals via said sec- 
ond capacitor, and that said first and said second ca- 
pacitor are each coupled in parallel with a gain setting 
module comprising at least one series connection of an 
extra capacitor and a controlled extra switch. 
[0024] By adding one or more extra capacitors In par- 
allel with the existing first and second capacitors in the 
first switched-capacitor module the gain, or input range, 
of the sigma-delta modulator can be changed. These 
extra capacitors are selected by the extra switches con- 
trolled, e.g., by a digital circuit. These controlled extra 
switches are not clocked but are switched on or off de- 
pending on the desired gain. The more extra capacitors 
added, the higher the gain. 

[0025] Further characteristic features of the present 
transducer interface arrangement are mentioned in the 
appended claims. 

[0026] The above and other objects and features of 
the invention will become more apparent and the inven- 
tion itself will be best understood by referring to the fol- 
lowing description of an embodiment taken in conjunc- 
tion with the accompanying drawings wherein: 

Fig. 1 shows a conventional transducer interface ar- 
rangement associated to a sensor SM as generally 
known in the art; 

Fig. 2 shows in more detail the internal circuitry of 
a sigma-delta modulator SDMa forming part of an 
analog-to-digital converter included in a transducer 
interface arrangement according to the invention; 
Figs. 3 and 4 show two possible embodiments 
SC5a and SC5b of a switched-capacitor module 
SC5 of the sigma-delta modulator SDMa of Fig. 2; 
Fig. 5 represents the whole transducer interface ar- 
rangement according to the invention; and 
Fig. 6 shows the internal circuitry of a variant sigma- 
delta modulator SDMb including gain setting possi- 
bilities in a switched-capacitor module SCIb. 

[0027] A transducer as shown at Fig. 1 is generally 
known in the art and mainly includes a sensor SM adapt- 
ed to measure a parameter such as pressure, 
temperature, ... and an analog-to-digital converter ADC 
at an output OUT of which is provided a like-named dig- 
ital signal that is a function of the measured parameter. 
[0028] The sensor SM has input terminals Vexc, Vss 
at which an excitation voltage is applied and output ter- 
minals CPIn, CNin at which a differential output voltage, 
function of the excitation voltage and proportional to the 



measured parameter, is provided. This output voltage is 
then applied to data input terminals Pin, Nin of the ana- 
log-to-digital converter, or A/D converter, ADC in order 
to produce the digital output signal OUT. The measure- 
ment also comprises the amplification of the signal at 
the output of the sensor SM prior to apply it to the input 
of the A/D converter ADC. To this end, the output termi- 
nals CPin, CNin of SM are connectedto inputs of achop- 
per stage CHP operating as a very low noise differential 
amplifier. The outputs of the chopperstage CHP are fur- 
ther coupled to the data input terminals Pin, Nin of the 
A/D converter ADC via a second differential amplifier 
VCM. 

[0029] The output voltage of the sensor SM Is com- 
posed out of an offset voltage and a real differential sig- 
nal of interest, and the latter is generally much lower 
than the offset voltage. In order to cover the complete 
range of possible offset and real signals, the offset volt- 
age needs to be eliminated or at least dramatically re- 
duced. Indeed, the offset voltage may, as an example, 
range from -1 7.5 mV to +1 7.5 mV, while the real signal 
is only a fraction of this and may for instance range from 
0 mV to 1 0 mV. In this way, if a signal with an accuracy 
of 12 bits has to be measured, the 12 bits are needed 
on the real input signal, i.e. between 0 mV and 10 mV. 
But since the whole range of offset and real signals has 
to be covered, the A/D converter ADC should need to 
have an input range from -1 7.5 mV (= -1 7.5 mV + 0 mV) 
to -1-27.5 mV (= +17.5 mV + 10 mV), and thus an accu- 
racy of more than 1 4 bits. To eliminate the offset voltage 
and apply only the useful differential signal as data input 
to the A/D converter ADC, a selectable resistor string 
SRS and the differential amplifier VCM are added. 
[0030] The selectable resistor string SRS comprises 
several resistors series connected between the input 
terminals Vexc, Vss in order to receive the above men- 
tioned excitation voltage. The junction points of these 
resistors are connected to switches of which the other 
end is coupled to inputs of the differential amplifier VCM. 
As already mentioned, the output terminals CPin and 
CNin of SM are also coupled to the inputs of the differ- 
ential amplifier VCM, The switches of SRS are control- 
led by an offset correction signal OffC obtained during 
the calibration cycle of the circuit. By a suitable choice 
of the offset correction signal OffC, the inverse of the 
offset voltage can be applied to the inputs of the ampli- 
fier VCM via SRS. This inverse offset signal is then add- 
ed to the composite signal coming from the sensor SM 
via the chopper CHP. Consequently, at the outputs of 
the differential amplifier VCM, i.e. at the data input ter- 
minals Pin and Nin, only the real differential signal of 
interest is provided. The accuracy of the A/D converter 
ADC may so be reduced to 12 bits. 
[0031] The A/D converter ADC used In a transducer 
application is a Sigma-Delta modulator SDM followed 
by a decimation filter or decimator DCM. The sigma-del- 
ta modulator SDM has the data input terminals Pin and 
Nin and an output terminal PDM. The modulator SDM 
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is clocked by a clock signal CLK, and the output Is a 
one-bit PDM signal available at the like-named output 
terminal. The digital decimation filter DCM wilt then con- 
vert the high frequency PDM signal into a low frequency 
1 2-bit word. 

[0032] The idea of the present invention is to combine 
the second amplifier stage VCM with an input stage of 
the AID converter in order to save area on the chip and 
power consumption. Furthermore, no unnecessary tol- 
erances to the performance of our circuit should be add- 
ed. This improved solution is described hereafter. 
[0033] The structure of a sigma-delta modulator SD- 
N/I a allowing to add, in a simple way, the extra offset can- 
cellation is shown at Fig. 2. It is to be noted that in this 
figure a 2 nd order Sigma-Delta modulator SDMa is given 
as an example but that the following description is ap- 
plicable on all types of Sigma-Delta modulators. 
[0034] The sigma-delta modulator SDMa has the data 
input terminals Pin and Nin, reference input terminals 
Pref and Nref, offset input terminals Poff and Noff and 
the output terminal PDM. SDMa comprises: 

a first switched-capacitor module SC1 having differ- 
ential input terminals Pin and Nin connected to the 
like-named data input terminals and differential out- 
put terminals PA1 and NA1 ; 
a second switched-capacitor module SC2 having 
differential input terminals PSC2 and NSC2 and dif- 
ferential output terminals PA2 and NA2; 
a third switched-capacitor module SC3 having dif- 
ferential input terminals Pref and Nref and differen- 
tial output terminals PA1 and NA1 ; 
a fourth switched-capacitor module SC4 having dif- 
ferential input terminals Pref and Nref and differen- 
tial output terminals PA2 and NA2; 
a fifth switched-capacitor module SC5 having differ- 
ential input terminals Poff and Noff and differential 
output terminals PA1 and NA1; 
a first differential amplifier A1 having differential in- 
put terminals PA1 and NA1 and differential output 
terminals PSC2 and NSC2; 
a second differential amplifier A2 having differential 
input terminals PA2 and NA2 and differential output 
terminals PCP and NCP; and 
a comparator CP having differential input terminals 
PCP and NCP and the single ended output terminal 
PDM. 

[0035] All the like-named terminals are connected to- 
gether. 

[0036] The sigma-delta modulator SDMa of the inven- 
tion distinguishes from the known one SDM in that the 
present one includes a fifth switched-capacitor modules 
SC5 controlled by an offset signal provided by the se- 
lectable resistor string, and in that the reference signal 
applied to the terminals Pref and Nref of SC3 and SC4 
is also provided by the selectable resistor string instead 
as being the excitation voltage supplied to the sensor 



SM. 

[0037] The switched-capacitor module SC1 compris- 
es a first set of 4 switches 1 , a second set of 4 switches 
2 and two capacitors C1 P and C1 N. One end of a first 

5 capacitor C1 P is connected to a first input terminal Pin 
via a first switch 1 and to a second input terminal Nin via 
a first switch 2. The other end of C1 P is connected to a 
first output terminal PA1 via second switch 2 and to an 
analog ground reference terminal AGND via a second 

10 switch 1. One end of a second capacitor C1N is con- 
nected to the first input terminal Pin via a third switch 2 
and to the second input terminal Nin via a third switch 
1 . The other end of C1 N is connected to a second output 
terminal NA1 via a fourth switch 2 and to the ground ref- 

15 erence terminal AGND via a fourth switch 1 . 

[0038] The switches 1 of the first set are closed during 
a first phase of the clock signal CLK, whilst the switches 
2 of the second set are closed during the second phase 
of this clock signal CLK, the first and second phases be- 

20 |ng nonoverlapping. This is also true for the switches 1 
and 2 of the other modules SC2 to SC5 that will be de- 
scribed below. 

[0039] The switched-capacitor module SC2 also com- 
prises afirstset of 4 switches 1 , a second set of 4 switch- 
es es 2 and two capacitors C2P and C2N. One end of a 
first capacitor C2P is connected to a first input terminal 
PSC2 via a first switch 1 and to the ground reference 
terminal AGND via a first switch 2. The other end of C2P 
is connected to a first output terminal PA2 via a second 
30 switch 2 and to the ground reference terminal AGND via 
a second switch 1 . One end of a second capacitor C2N 
is connected to the second input terminal NSC2 via a 
third switch 1 and to the ground reference terminal AG- 
ND via a third switch 2. The other end of C2N is con- 
35 nected to a second output terminal NA2 via a fourth 
switch 2 and to the ground reference terminal AGND via 
a fourth switch 1. 

[0040] The switched-capacitor modules SC3 and 
SC4 are similar and each comprise afirstset of 4 switch- 

40 es 1 , a second set of 3 switches 2, a third set of 4 switch- 
es 2- and 2+, and two capacitors: C3P and C3N for SC3, 
and C4P and C4N for SC4. In SC3/SC4, one end of a 
first capacitor C3P/C4P is connected to a first input ter- 
minal Pref via a first switch 1 and to a second input ter- 

45 minal Nref via a first switch 2. The other end of C3P/C4P 
is connected to a first output terminal PA1 /PA2 via a first 
switch 2-, to a second output terminal NA1/NA2 via a 
first switch 2+ , and to the ground reference terminal AG- 
ND via a second switch 1 . One end of a second capac- 

50 jtor C3N/C4N is con nected to the first inputterminal Pref 
via a second switch 2 and to the second input terminal 
Nref via a third switch 1 . The other end of C3N/C4N is 
connected to the first output terminal PA1/PA2 via a sec- 
ond switch 2+, to the second output terminal NA1/NA2 

55 via a second switch 2-, and to the ground reference ter- 
minal AGND via a fourth switch 1 . 
[0041] The switches 2- and 2+ of the third set are con- 
trolled by the PDM output of the A/D converter, they are 
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used to add or subtract the voltage at the reference input 
terminal from the differential input voltage of the trans- 
ducer. Depending on appropriate control signals (not 
shown) either the switches 2- or the switches 2+ are 
closed during the second phase of the clock signal CLK. 
[0042] Finally, a first embodiment SC5a of the fifth 
switched-capacitor module SC5 is identical to that of the 
first switched-capacitor module SC1 except that the in- 
put terminals are Poff and Noff instead as Pin and Nin, 
and the two capacitors C5P and C5N instead as C1 P 
and C1 N respectively. 

[0043] In this embodiment, shown at Fig. 3, the 
switches of the fifth switched-capacitor module SC5a 
are clocked the same way as the switches of the first 
switched-capacitor module SC1 . The signals at the out- 
puts of SC1 and SC5 are then added at the input PA1 , 
NA1 of the first differential amplifier A1 of thesigma-del- 
ta modulator SDMa. In other words, a conversion of the 
sum of the signals at the data input terminals Pin, Nin 
and at the input Poff, Noff of the fifth switched-capacitor 
module is performed. 

[0044] In a second embodiment SC5b of the fifth 
switched-capacitor module SC5, thefirst mentioned end 
of the first capacitor C5P is connected to the first input 
terminal Poff via a first switch 2 and to the second input 
terminal Noff via a first switch 1. Furthermore, the first 
mentioned end of the second capacitor C5N is connect- 
ed to the first input terminal Poff via a third switch 1 and 
to the second input terminal Noff via a third switch 2. 
This other embodiment is shown at Fig. 4. 
[0045] By changing the clocking of the input switches 
of the fifth switched-capacitor module SC5 with respect 
to those of the first switched-capacitor module SC1 , the 
input signal of the fifth switched-capacitor module is 
subtracted from the signal at the data input terminals. A 
conversion of the difference of these signals is then per- 
formed rather than the sum thereof. 
[0046] As a result, by simply duplicating the input cir- 
cuitry, i.e. the first switched-capacitor module SC1, an 
extra input pair of terminals Poff, Noff is added to the 
modulator at which an offset voltage may be provided 
for the requested offset compensation. 
[0047] Fig. 5 represents the whole transducer. There- 
in, the outputs of the chopper CHP are directly connect- 
ed to the data inputs Pin and Nin of the A/D converter 
ADCb. The selectable resistor string SRSa is slightly 
modified with respect to the one SRS shown at Fig. 1 in 
orderto provide now both the reference voltage and the 
offset voltage. 

[0048] In more detail, the selectable resistor string 
SRSa comprises several resistors connected in series 
between the input terminals Vexc and Vss. The junction 
point between a first and a second resistor in the series 
is connected to the terminal Pref, whilst the other junc- 
tion points between resistors are connected to the ter- 
minal Poff via distinct switches controlled by an offset 
correction signal OffC. The terminal Vss is finally con- 
nected to both the terminals Nref and Noff off the sigma- 



delta modulator Included in the A/D converter ADCb. 
[0049] It is to be noted that although the above de- 
scribed sigma-delta modulator SDMa of Fig. 2 may be 
included in the A/D converter ADCb of Fig. 5, a preferred 
5 embodiment of this sigma-delta modulator, hereafter la- 
beled SDMb and making reference to Fig. 6, is shown. 
The difference between SDMa and SDMb will be ex- 
plained below. 

[0050] Another improvement of the present transduc- 
10 er is that a gain setting is also added inside the sigma- 
delta modulator thereof. This extra feature is shown at 
Fig. 6. 

[0051] The sigma-delta modulator SDMb of Fig. 6 is 
identical to SDMa shown at Fig. 2 except for the first 
15 switched-capacitor module SC 1 b that now includes gain 
setting modules. These gain setting modules are con- 
stituted by one or more branches coupled in parallel 
across the first C1 P and the second C1 N capacitors of 
SC1 . The branches each comprises the series connec- 
20 tion of an extra capacitor CV and an extra switch SG. 
These extra switches SG, controlled by a digital gain 
control signal applied to a gain setting input GS of SD- 
Mb, as shown at Fig. 5, are not clocked but are switched 
on or off depending on the desired gain. By adding the 
25 extra capacitors in parallel with the existing capacitors 
C1 P and C1 N, the gain or input range of the modulator 
can be changed. The more capacitors we add, the high- 
er the gain. 

[0052] While the principles of the invention have been 
30 described above in connection with specific apparatus, 
it is to be clearly understood that this description is made 
only by way of example and not as a limitation on the 
scope of the invention, as defined in the appended 
claims. 



Claims 

1. Transducer interface arrangement including sensor 
means (SM) for measuring a parameter, an Analog- 
to-Digital Converter (ADCb) and a selectable resis- 
tor string (SRSa), 

said sensor means having transducer input ter- 
minals (Vexc, Vss) to which an excitation volt- 
age is applied and sensor output terminals 
(CPin, CNin) coupled to data input terminals 
(Pin, Nin) of said converter, 
said selectable resistor string (SRSa) having an 
input connected to said transducer input termi- 
nals and being adapted to produce an offset 
voltage derived from said excitation voltage by 
means of controlled switches included in said 
selectable resistor string, said offset voltage 
being applied to said converter, 
said analog-to-digital converter comprising a 
Sigma-Derta Modulator (SDMa, SDMb) includ- 
ing, connected to said data input terminals, the 



25 
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cascade connection of a first switched-capaci- 
tor module (SC1 , SC1 b), a first differential am- 
plifier (A1), a second switched-capacitor mod- 
ule (SC2) and a second differential amplifier 
(A2), and further including a third switched-ca- s 
pacitor module (SC3) with an input (Pref, Nref) 
at which a reference voltage is applied and with 
an output connected to an input (PA1 , NA1) of 
said first differential amplifier (A1) as well as a 
fourth switched-capacitor module (SC4) with 10 
an input (Pref, Nref) at which said reference 
voltage is applied and with an output connected 
to an input (PA2, NA2) of said second differen- 
tial amplifier (A2), 

15 

characterized in that said selectable resistor 
string (SRSa) is further adapted to produce said ref- 
erence voltage applied to the inputs of said third 
(SC3) and fourth (SC4) switched-capacitor mod- 
ules, 20 

and in that said sigma-delta modulator (SD- 
Ma, SDMb) further includes a fifth switched-capac- 
itor module (SC5) to an input (Poff, Noff) of which 
said offset voltage is applied and with an output con- 
nected to the input terminals ( PA1 , NA1 ) of said first 25 
differential amplifier (A1 ). 

Transducer interface arrangement according to 
claim 1, characterized in that said first (SC1), sec- 
ond (SC2), third (SC3), fourth (SC4) and fifth (SC5) 30 
switched-capacitor modules have differential input 
terminals (Pin, Nin; PSC2, NSC2; Pref, Nref; Pref, 
Nref; Poff, Noff) and differential output terminals 
(PA1, NA1; PA2, NA2; PA1, NA1; PA2, NA2; PA1, 
NA1) and comprise capacitors (C1P, C1N; C2P, 35 
C2N; C3P, C3N; C4P, C4N; C5P, C5N) and switches 
(1, 2) controlled by a clock signal (CLK) so as to 
couple said differential input terminals either to said 
differential output terminals via said capacitors or to 
a ground reference terminal (AGND) at a ground *o 
reference voltage, 

Transducer interface arrangement according to 
claim 2, characterized in that said fifth switched-ca- 
pacitor module (SC5) is identical to said first 
switched-capacitor module (SC1). 

Transducer interface arrangement according to 
claim 2, characterized in that said fifth switched-ca- 
pacitor module (SC5) comprises a first set (1) and so 
a second set (2) of switches, the switches of said 
first and said second set being respectively closed 
during a first phase and a second phase of said 
clock signal (CLK), 

. 55 

in that the switches of said first set (1 ) intercon- 
nect a first (Poff) of the differential input termi- 
nals (Poff, Noff) to said ground reference termi- 



nal (AGND) via a first capacitor (C5P), and In- 
terconnect a second (Noff) of said differential 
input terminals (Poff, Noff) to said ground ref- 
erence terminal (AGND) via a second capacitor 
(C5N), 

and in that the switches of said second set (2) 
interconnect said second input terminal (Noff) 
to a first (PA1) of the differential output termi- 
nals (PA1, NA1) via said first capacitor (C5P), 
and interconnect said first input terminal (Poff) 
to a second (NA1 ) of said differential output ter- 
minals (PA1, NA1) via said second capacitor 
(C5N). 

5. Transducer interface arrangement according to 
claim 4, characterized in that said first set of switch- 
es (1) comprises 

a first switch connected between said first input 
terminal (Poff) and a first end of said first ca- 
pacitor (C5P), 

a second switch connected between a second 
end of said first capacitor (C5P) and said 
ground reference terminal (AGND), 
a third switch connected between said second 
input terminal (Noff) and a first end of said sec- 
ond capacitor (C5N), and 
a fourth switch connected between a second 
end of said second capacitor (C5N) and said 
ground reference terminal (AGND), 

and in that said second set of switches (2) 
comprises 

a first switch connected between said second 
input terminal (Noff) and a first end of said first 
capacitor (C5P), 

a second switch connected between a second 
end of said first capacitor (C5P) and said first 
output terminal (PA1), 

a third switch connected between said first in- 
put terminal (Poff) and a first end of said second 
capacitor (C5N), and 

a fourth switch connected between a second 
end of said second capacitor (C5N) and said 
second output terminal (NA1). 

6. Transducer interface arrangement according to 
claim 2, characterized in that said fifth switched-ca- 
pacitor module (SC5) comprises a first set (1) and 
a second set (2) of switches, the switches of said 
first and said 'second set being respectively closed 
during a first phase and a second phase of said 
clock signal (CLK), 

in that the switches of said first set (1 ) intercon- 
nect a first (Poff) of the differential input termi- 
nals (Poff, Noff) to said ground reference termi- 
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nal (AGND) via a second capacitor (C5N), and 
interconnect a second (Noff) of said differential 
input terminals (Poff, Noff) to said ground ref- 
erence terminal (AGND) via a first capacitor 
(C5P), 5 
1 and in that the switches of said second set (2) 
interconnect said first input terminal (Poff) to a 
first (PA1) of the differential output terminals 
(PA1, NA1) via said first capacitor (C5P), and 
interconnect said second input terminal (Noff) 10 
to a second (NA1 ) of said differential output ter- 
minals (PA1 , NA1) via said second capacitor 
(C5N). 

7. Transducer interface arrangement according to 15 
claim 1 , characterized in that said selectable resis- 
tor string (SRSa) comprises a plurality of resistors 
connected in series across the transducer input ter- 
minals (Vexc, Vss), 

20 

in that said controlled switches of said selecta- 
ble resistor string (SRSa) are connected to 
junction points of the series connected resis- 
tors, 

in that said reference voltage is provided at a 25 
first reference terminal (Pref) of said selectable 
resistor string, connected to a junction point of 
two series connected resistors, and at a second 
reference terminal (Nref) of said selectable re- 
sistor string, connected to an end of the series 30 
connected resistors, 

and in that said offset voltage is provided at a 
first offset terminal (Poff) of said selectable re- 
sistor string, connected to a junction point of 
two series connected resistors via one of said 35 
controlled switches, and at a second offset ter- 
minal (Noff) connected to said end of the series 
connected resistors. 

8. Transducer interface arrangement according to 40 
claim 2, characterized in that said first switched-ca- 
pacitor module (SC1b) has differential input termi- 
nals connected to said data input terminals (Pin, 
Nin) and comprises a first set (1) and a second set 

(2) of switches, the switches of said first and said 45 
second set being respectively closed during a first 
phase and a second phase of said clock signal 
(CLK), 

in that the switches of said first set (1 ) intercon- so 
nect a first (Pin) of the differential input termi- 
nals (Pin, Nin) to said ground reference termi- 
nal (AGND) via a first capacitor (C1 P), and in- 
terconnect a second (Nin) of said differential in- 
put terminals (Pin, Nin) to said ground refer- 55 
ence terminal (AGND) via a second capacitor 
(C1N), 

in that the switches of said second set (2) inter- 



connect said second input terminal (Nin) to a 
first (PA1) of the differential output terminals 
(PA1, NA1) via said first capacitor (C1P), and 
interconnect said first input terminal (Pin) to a 
second (NA1) of said differential output termi- 
nals (PA1, NA1) via said second capacitor 
(C1N), 

and in that said first (C1P) and said second 
(C1N) capacitor are each coupled in parallel 
with a gain setting module comprising at least 
one series connection of an extra capacitor 
(CV) and an controlled extra switch (SG). 

9. Transducer interface arrangement according to 
claim 1 , characterized in that said transducer inter- 
face arrangement further includes a chopper circuit 
(CHP) having an input connected to said sensor 
output terminals (CPin, CNin) and an output con- 
nected to said data input terminals (Pin, Nin). 

10. Transducer interface arrangement according to 
claim 1 , characterized in that said sigma-delta mod- 
ulator (SDMa, SDMb) furtherincludes a comparator 
circuit (CP) having an input connected to an output 
of said second differential amplifier (A2) and an out- 
put (PDM) coupled to a transducer interface ar- 
rangement output (OUT) via a decimator (DCM). 
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Fig. 5 
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